ABSTRACT. The mud crab (Scylla paramamosain) is considered a potentially important marine crab species for selective breeding. Here, we first examined sex ratio and differences in 16 growth traits between females and males in a G 1 population of S. paramamosain, and we then analyzed the correlation between these growth traits and their effects on body weight (BW). Of these growth traits, nine were significantly different between sexes. In females, the correlation coefficients in all trait pairs ranged from 0.524 to 0.997. The traits carapace length (CL) and distance between lateral spine 2 (DLS2) significantly affected BW directly, with the path coefficients being 1.124 and -0.186, respectively. The determination coefficients of traits CL and DLS2 to BW were 1.263 and 0.035 with the total value being 0.951, indicating that the two traits were the key factors affecting BW. In males, the correlation coefficients in all trait pairs ranged from 0.881 to 0.999. The three traits body Characteristics of growth traits of G 1 specimens in mud crab height (BH), fixed finger height of the claw (FFHC), and meropodite length of pereopod 2 (MLP2) significantly affected BW directly, with the path coefficients being 0.484, 0.300, and 0.225, respectively. The determination coefficients of traits BH, FFHC and MLP2 to BW were 0.234, 0.090 and 0.051, with the total value being 0.967, indicating that these three traits played a key role in affecting BW. Moreover, we constructed two best-fit linear regression equations, which were Y (BW) = 4.969 X 1 (CL) -0.758 X 2 (DLS2) -140.177 and Y (BW) = 3.806 X 1 (BH) + 2.371 X 2 (FFHC) + 1.725 X 3 (MLP2) -123.559 in females and males, respectively.
INTRODUCTION
The mud crab (Scylla paramamosain), a large marine crab species, is widely distributed along the southeastern coastal region of China. It is an important marine fishery resource and aquaculture species in China, because of its abundant fishing yields, fast growth rate, large culture scale, and significant commercial values. Records of S. paramamosain aquaculture can date back more than 100 years in China (Shen and Lai, 1994) and more than 30 years in other Asian countries (Keenan and Blackshaw, 1999) . It is reported that the total culture area expanded more than 270 x 10 6 m 2 , and the aquaculture outcome reached 110,000 tons in 2011 in China (Fishery Bureau of Ministry of Agriculture of China, 2012). However, this production scale could not meet the market demand.
An artificial selective breeding program is considered as an effective way to improve and enhance economic traits in aquaculture organisms. Many studies have been conducted on the phenotypic and genetic relationships of growth traits in aquaculture animals, such as pearl oyster (Pinctada martensii) (Deng et al., 2008) , common carp (Cyprinus carpio) (Wang, 2009) , small abalone (Haliotis diversicolor) (You et al., 2010) , Japanese flounder (Paralichthys olivaceus) (Tian et al., 2011) , and sea urchin (Strongylocentrotus intermedius) (Chang et al., 2012) . Research on S. paramamosain has mainly focused on reproductive performance (Djunaidah et al., 2003; Zeng, 2007) , culture biology Ut et al., 2007) , functional genes (Rosa et al., 2008; Wang et al., 2012) , population genetic diversity (Shu et al., 2011; Ma et al., 2011a Ma et al., , 2012 , and molecular markers (Ma et al., 2011b,c) . In addition, limited differences of morphological traits of individuals from different coasts of southeastern China were determined by morphological discriminant analysis (Li et al., 2004) . A very significant correlation (P < 0.01) was found in each pair of 20 growth traits, of which two traits, carapace length and fixed finger height of the claw, were suggested to play an important role in affecting body weight (P < 0.01) (Ma et al., 2013) . Beside the above, there is little information about the characteristics of morphological traits available in S. paramamosain.
The objective of this study was to first determine sex ratio and differences of 16 growth traits between females and males of a G 1 population in S. paramamosain, and then to analyze the correlation of these growth traits and their effects on body weight in females and males. This study should be helpful in better understanding the differences between sexes, relationships between growth traits and artificial selective breeding in this crab species and other closely related species.
MATERIAL AND METHODS

Crab sampling and sex identification
A first-generation (G 1 ) family was constructed and cultured in a pond on Hainan Island, China. Ninety-six full-sib individuals aged nearly 3 months were randomly collected in October 2012 (Table 1 ). The sex of individuals was identified based on the shape of the abdomen. The females have a wider and more globular abdomen, whereas the males have a narrow and straight abdomen (Ikhwanuddin et al., 2011 CL = carapace length; CW = carapace width; ICW = internal carapace width; CFW = carapace frontal width; AW = abdomen width; BH = body height; CWS8 = carapace width at spine 8; DLS1 = distance between lateral spine 1; DLS2 = distance between lateral spine 2; FFLC = fixed finger length of the claw; FFWC = fixed finger width of the claw; FFHC = fixed finger height of the claw; MLP1 = meropodite length of pereopod 1; MLP2 = meropodite length of pereopod 2; MLP3 = meropodite length of pereopod 3; BW = body weight. *P < 0.05; **P < 0.01.
Growth trait measurement
Sixteen growth traits were measured according to the methods of Keenan et al. (1998) and Gao et al. (2008) . These traits included carapace length (CL), carapace width (CW), internal carapace width (ICW), carapace frontal width (CFW), abdomen width (AW), body height (BH), carapace width at spine 8 (CWS8), distance between lateral spine 1 (DLS1), distance between lateral spine 2 (DLS2), fixed finger length of the claw (FFLC), fixed finger width of the claw (FFWC), fixed finger height of the claw (FFHC), meropodite length of pereopod 1 (MLP1), meropodite length of pereopod 2 (MLP2), meropodite length of pereopod 3 (MLP3), and body weight (BW). The former 15 morphological traits were measured to the nearest 0.01 mm with Vernier calipers. BW was measured to an accuracy of 0.01 g with a digital electronic balance.
Statistical analysis
The mean value and standard deviation of each trait was calculated using the SPSS version 11.5 software. The coefficient of variation (CV) of each trait was estimated using the following formula: CV = (standard deviation / mean) x 100%. The path analysis was conducted using the SPSS 11.5 software also as described by Du and Chen (2010) . The correlation analysis and multiple regression analysis were also performed using SPSS 11.5. The multiple regression equation was constructed as follows: if the correlation variables Y, X 1 , X 2 , and X 3 exist in a linear equation, the regression equation is described as
where Y is the dependent variable, X 1 , X 2 , and X 3 are the independent variables, b 0 is the constant, and b 1 , b 2 , and b 3 are the partial regression coefficients for Y on X 1 , X 2 , and X 3 .
The determination coefficient was calculated using the alternative formulas: 1) d i = P i 2 ; and 2) d ij = 2r ij x P i x P j , where d i is the effect of a single trait i on BW, d ij is the effect of traits i and j on BW, P i is the path coefficient of the single trait i to BW, r ij is the correlation coefficient between traits i and j, and P j is the path coefficient of the single trait j to BW.
RESULTS
Sex ratio in G 1 population
Of the 96 individuals collected in this study, 32 were identified as females and 64 as males (Table 1) . The sex ratio (female:male) was estimated to be 1:2. A significant difference was found in the ratio between females and males compared with the ideal ratio 1:1 (P < 0.05).
Differences in growth traits between sexes
The mean values, standard deviations, coefficients of variation of growth traits between sexes are listed in Table 1 . Nine traits (CL, CW, ICW, CFW, AW, BH, CWS8, DLS1, and BW) exhibited significant differences between sexes, while the others (DLS2, FFLC, FFWC, FFHC, MLP1, MLP2, and MLP3) showed no significant differences. Of 16 traits, 14 were higher (mean value) in females than in males (exceptions, FFWC and FFHC). The CVs of BW were the largest among 16 cases in both females and males (25.21 and 50.96, respectively), whereas DLS1 was the lowest (7.83%) in females and CFW was the lowest (14.07%) in males. The standard deviations of BW were the largest among 16 cases in both females and males (23.16 and 39.64, respectively), whereas FFWC was the lowest in both females and males (1.97 and 3.39. respectively).
Correlation relationships between growth traits
The relationships between the 16 growth traits were estimated by correlation analysis and the results are shown in Tables 2 and 3 . In females, a significant positive correlation was detected in all 120 trait pairs (P < 0.01). The correlation coefficients ranged from 0.524 (DLS2 and FFWC) to 0.997 (ICW and CWS8). A significant positive correlation (P < 0.01) was observed between BW and each of the other 15 morphological traits, with the correlation coefficients ranging from 0.654 (BW and FFWC) to 0.970 (BW and CL). In males, a significantly positive correlation was also detected in all 120 trait pairs (P < 0.01), where the correlation coefficients ranged from 0.881 (CFW and FFHC) to 0.999 (CW and ICW, CW and CWS8, ICW and CWS8) . A significant positive correlation (P < 0.01) was found between BW and each of the other 15 morphological traits, with the correlation coefficients ranging from 0.923 (BW and MLP3) to 0.973 (BW and ICW). 
Path coefficients and determination coefficients
In females, two morphological traits (CL and DLS2) showed significant direct effects on BW (P < 0.05) ( Table 4) . Trait CL showed the largest direct effect (P i = 1.124) on BW, whereas DLS2 showed a negative indirect effect (P i = -0.186) on BW. The indirect effects of traits CL and DLS2 on BW were -0.154 and 0.993, respectively. The multiple correlation coefficient (R 2 ) was 0.951 (higher than 0.85), indicating that traits CL and DLS2 were the key growth traits affecting BW. The determination coefficient of CL was the largest (1.263), and the determination coefficient of DLS2 was the lowest (0.035), whereas the co-determination coefficient of CL and DLS2 was negative (-0.347) ( Table 5) In males, three morphological traits (BH, FFHC, and MLP2) showed significant direct effects on BW (P < 0.05) ( Table 6 ). Trait BH showed the largest direct effect (P i = 0.484) on BW, FFHC showed a relatively lower direct effect (P i = 0.300), and MLP2 showed the lowest effect (P i = 0.225). The indirect effects of traits BH, FFHC, and DLS2 on BW were 0.485, 0.639, and 0.739, respectively. The multiple correlation coefficient (R 2 ) was 0.973 (higher than 0.85), indicating that traits BH, FFHC and MLP2 played an important role in affecting body weight. The co-determination coefficient of BH and FFHC was the highest (0.260), whereas the co-determination coefficient of MLP2 was the lowest (0.051) ( Table 7) 
Construction of multiple regression equation
The regression relationship between BW and other morphological traits was estimated by the following steps: first by testing the significance of partial regression coefficients of different traits and then by stepwise removal of non-significant morphological traits. The results indicated that in females, trait BW showed a significant regression relationship to two traits (CL and DLS2) (P < 0.01; Table 8 ). A best-fit linear multiple regression equation was constructed as follows: Y = 4.969X 1 -0.758X 2 -140.177 (Y = BW, X 1 = CL, X 2 = DLS2). While in males, trait BW showed a significant regression relationship to three traits (BH, FFHC and MLP2) (P < 0.01; Table 8 ). A best-fit linear multiple regression equation was constructed as follows: Y = 3.806X 1 + 2.371X 2 + 1.725X 3 -123.559 (Y = BW, X 1 = BH, X 2 = FFHC, X 3 = MLP2). The constants and partial coefficients of regression equations were tested by the t-test, which suggested a significant effect on BW (P < 0.05; 
DISCUSSION
This study investigated the sex ratio and differences of 16 growth traits between females and males of a G 1 population in the mud crab (S. paramamosain). In theory, the sex ratio is expected to be 1:1. However, among 96 individuals randomly collected from a G 1 family, 32 females and 64 males were identified, with the sex ratio (1:2) significantly deviating from 1:1 (P < 0.05). This was the first report about the sex ratio of a cultured population of S. paramamosain. The mechanism underlying this sex ratio deviation from 1:1 was not clearly determined so far, but it should not be related to sampling strategy and the limited numbers of individuals used in this study.
Females were significantly bigger than males in regard to nine growth traits (CL, CW, ICW, CFW, AW, BH, CWS8, DLS1, and BW; P < 0.05). Of 16 growth traits, the mean values of 14 cases were greater in females than in males. This result indicated that females grew significantly faster and bigger than males in S. paramamosain. The similar phenomena were found in half-smooth tongue sole (Cynoglossus semilaevis) and spotted halibut (Verasper variegatus) (Dou, 1995) . In contrast, males grew faster and bigger than females in tilapia (Oreochromis niloticus) (Mair et al., 1997) .
All 16 growth traits showed abundant variation in the G 1 population of S. paramamosain. Trait BW had the largest variation (25.21 and 50.96% in females and males, respectively), as observed in our previous study in wild individuals of S. paramamosain (CV = 56.09%; Ma et al., 2013) . Traits DLS1 and CFW exhibited the lowest variation in females (CV = 7.83%) and males (CV = 14.07%), while trait DLS1 had the lowest variation in the wild population. This high variation in growth traits can provide sufficient materials for economic performance selection. Furthermore, a high level of genetic diversity has been estimated by molecular markers, such as mitochondrial DNA, single nucleotide polymorphisms, and microsatellites (Ma et al., 2011a (Ma et al., ,b, 2012 .
Morphological traits are ordinarily employed as a reference for selection in artificial breeding programs (Neira et al., 2006; Takeshita and Soyano, 2009 ). For Pinctada martensii, the traits shell length, shell width, shell height, and total weight were found to be significantly correlated with each other (P < 0.05) (Deng et al., 2008) . For Portunus trituberculatus, five growth-related traits of carapace length, carapace width, internal carapace width, body height, and body weight were confirmed to be significantly correlated with one another (P < 0.01) (Liu et al., 2009) . In this study, all 16 growth traits were found to be significantly correlated with one another (P < 0.01). This result means that it is feasible to select one targeting trait through one other or more traits in a breeding process. The high correlation between traits may result from pleiotropy in the determination of these traits (Falconer, 1981) . Path analysis is an effective method for multiple statistics that can separate the total effects of independent variables into direct and indirect effects on dependent variables (Rodrigueza et al., 2001) . In this study, of 15 morphological traits, two (CL and DLS2) and three (BH, FFHC and MLP2) showed significant direct effects on BW (P < 0.05) in females and males, respectively. The multiple correlation coefficients between morphological traits and body weight was high (more than 0.85) in both females and males, and approximately equal to the determination coefficients; hence, the two traits (CL and DLS2) and the three traits (BH, FFHC and MLP2) could be considered as the key factors affecting BW in female and male individuals of S. paramamosain. In the previous study, two traits (CL and FFHC) were found to have significant direct effects on BW (P < 0.05) in both females and males (Ma et al., 2013) . By using path analysis, the main factors affecting body weight have been found in other aquaculture animals, such as Eriocheir sinensis (Geng et al., 2007) , Pinctada martensii (Deng et al., 2008) , and Portunus trituberculatus (Liu et al., 2009) . In contrast, the multiple correlation coefficient for edible tissue weight of 2-and 3-year-old Ruditapes philippinarum was found to be lower than 0.85, indicating that some other factors affecting edible tissue weight may be omitted (Huo et al., 2010) .
CONCLUSION
In this study, we investigated the sex ratio and differences of growth traits between females and males, correlation between 16 growth traits, and direct and indirect effects of morphological traits on body weight in a G 1 population of the mud crab (S. paramamosain). We then constructed a multiple regression equation concerning body weight and morphological traits in females and males separately. The findings in this study will be helpful in better understanding the differences between sexes, relationships between growth traits and artificial selective breeding in this crab species and other closely related species.
